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‘te investi sation of breakdown pressures of 
-— tustenting oil files wes at attempt te ‘Siiaaatun 
dnite relation between the effects of stendy ond inters 
on a bearing. The work was extended to in- 
} @orrelstion of as usny of the variables which 
wT. enter into the establishing and maintaining of en oil 
; fle as was possible, Such a& investivetion had been 
, Anstituted in 1991 by Licutensnt A. &. Blue, U. 8. Bavy, 

and Licutenant (junior grade) R. Lb. Svart, U. Ge Bavye 
treat 4a dae them for their ptonsering work in the con- 

: 3 Le struction of the basic machine and initiating the test. 
 Yartoas recommendations by Lieutenants Siue ond Swart for 
modi fiestions in the sechine on¢é procedure Rave been — 
| | earried gut insofar az tise end funds have poraltted. 


aie 


As a 


oy ky 


eR 
ul] 


i hy! 
¢ ‘ > ; 


| It #as aceessary to obtain additional ecuilsment ond 
reslaes sone af the Original vhich wes not avatlabiec for Kr 
 @ur use during thie current year. Congiderable tine ves 
gent in locating and obtaining this equicment, in manu- 
a faeturing various parts of the apperatus, and in making 
= the various modifications, . 
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Deseription of a>paratus 


The wachine proper for testing the breakdéown 
pressure of of1 films consists orimarily of a teat bear 
ing and shaft, a loading mechenisa by which the load is 
epplied to the test besring, a avans of varying the seg- 
aitade of the load, « sechanics] method of alternately 
apolying and releasing the load, and a meana of furnizhe 
ing 4 continucas and constant guscly of lubrieeting 911 
to the test bearings 


The test beering is a bronze shell with a dbabbitt 
lining approxisately 6.125" in thickness, The sheil was 
originally 4 1/4" in diageter «nd 2" in lenmeth, but hes 
bean somerhat flattened on the tos to previde 2 conventent 
surfcee for epplication of the losed. The overall diameter 
bes been further inersssed by the construction of 6 water: 
jacket of sheet copper sateriai, having o water apace of 
1/2". The jacket extends around the tro sides of the 
Gireunference as shown in Figure &. It wes not practical 
 $O eztend the jacket completely around the cireusference 
Gue to the necessity of aegplyins the iesd to the beere 
ing on the top, and of introducing the lubricating oil 
into the besring at tae bottoms. A therscuet«r well was 
Grilled radially inte the *«hell, and tancent to end in 
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ie “ peaned te sive & .006*" dlasetreal elesranes on the test 
shaft. ‘An oll groove 1 3/4" long, 3/16" wide, end i/a* 
deep vas gat axtelly slong the bottom of the bearing at 
oie a point vhere ne: oii is introduced. 


sy si dont shaft is of case~hardanesd stecl, ground 
; and polished to « diacter of 2.0005" slong its length. 
Te 4s 21" loag, both ends exten¢ing beyond ite suport 

atte weavings sufficiently to sersit the instealiation of & 
oulley on ane side end the use of 2 hand tachometer on 
the otrer. The shaft is not restrained axially, but is | 
free to find its ora running position in the besria?. it 
is belt-ariven by & § HeP., 120 volt, stunt wound, direct 
current, soter, speed eontrol of whieh is obteined by 
means of two porteble laws banks in the field circuit. 


The loading sechenism consists of seweral parts, 


_-—“‘(‘érM@MWL, G@ lw ar, four 3/4" steel tie-rodz, end » atrong 


avoid ecgeentricity of losding by using a 3/86" steel ball 
; , between the stromg back and test bearing. It wae hoped 


y was turned to « nominal diameter of 1.998" ond 


_ sek which receives the losd tranemitted by the tle-rods _ 
bt. Ue frog the load ber. The strong back loads the bearing which 
nee : zy 

ae is loested at ite contral soint. An atteupt wes cade to 
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| taet the Hootie onttag? ould not ease eatin of the 
cs | Bearing on the test shaft with » possibie resultant local 
re eS ‘broskdown of the ofl fila, In sddition to the ball, turee 
yee strips of bakelite were inserted between the strong 
bee und bearing for eleetrie insulstisn. Two stud bolts 
from the bearing extend through the atrong back acting 
 . its verticsi guides, and eleo serve to prevent the 
2 test beariag froe roteting with the sheft. | 
i The etrong back is msde of wild steel 4° x 2" x 13° 
and 4s sufficiantiy heavy so that ite deflection due to 
: eenter losding ie negligible. It is drilled at each end 
«tO Fegetve the tie-rods and treassitted load from the losd 
Dar» It is alee drilled te pursit the passage of tro oil 
rad  eup feeds to the test sheft supsort beerings and « rubber 
hose jumyer-conseetion betwoen the wster jackets on the 
teo sides of the test bearing. | 


It was annealed at 1475°F. in the eigetric furnace for ten 
_-—«—i‘éiwAntios and then drown, efter an of] quench, at 650°F. 
Ee, for thirty ainutes to obtain sufficient strength to cerry 
ee & center Lead of S929 pounda rithout taking a permanent 

‘ ie 7 set. It was next ealibreted in a hand-operated, tension- 
ae testing, sachine to obtein « losdedefleetion curve. A 
sagas G@iai inéieater wes euitebly mounted on a fist slate 
directly under the goint of loading so thet deflections 


Tie load dar is of wild steel eaaterial 2* x 1" x 14*, 
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ambitocl iad tadt- oe patosel Yo sateq od sedbew yissetsd 


yo ae emnstrasves. the wuss was aotitees to eceebe: 
veka of te Lasts ssehntey which was 58 1/2 
By 80 that the eetacl bearing pressure in pounds ger 
» inch of projected ares could te obtelned for any 
| On. This curve is shown im Figure 4. Sup:orts 
. i i elt of the load bar tranamit the load to the tie~ 


The point of londing is the head of » 3/8" hex- 

- gone bolt secured on the bottom of the lever bars The 
“Latter ig & specisily machined atezl shape from original 
mild ateel stock 2% x 2 1/2" x 14". It is fitted at . 
one end vith a 2" case-hardened reller follover ehich | 

- pemeins in contect with a roteting cam. The lever is 


a “supported by tro soringe with sufficient tension to ine 


gure contact bet<een cam and follorer. It is pivoted at the 


a other end on a sieges of 2" round stesi stock so thet a 


s- patio of the distanee from the pivet to the roller to 


the distance from the pivet to tue load bar is 5 to ls 
Rake In this way the leed on the losd bar is five times the 


pressure whieh the eam exerta on the follower. 
The cam 14 ease~hardened, sedium carbon etecl. 
It is 2° wide and is designed to sive « Lift of 1/4" over 
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an ere of 186 degrees. The can ie rotated through « 


Chevrolet transmission by « 2 HePe, 120 volt, shunt 
wound, Girset current actor. The latter ta fitted with 
@ field rheostat for zyeed control. Ae the transmission 
allows ageed ratios of 3:1, 1 1/231, aad itl, a vide 


Yenge of epeed for the eam is evallabie, 


The elesing of am ciectrical cireuit by oil fils 
breskdorn determinas the -oint of breckdown conditions. 
The cire@sit goneists of four dry cells connected in 
pareilel and in series with a saell 6 volt test lamp, an 
aumeter and a knife awiten, ne lesd fron this apyaratus: 
is taken to one of the test bearine cuide bolts above 
the strong back. The other geese to a suitesiz sounted 
Copper wire which -emaine in contact with the rotating 
test shaft. As long as om 911 file is satetained teteven 
the shart and test bearings, the «lectrieal cireuit is 


Ainterrasted and ne current can flow. At the instant of 


O41 fiis breskéown, the cireult ie complete, the laxp 


lights, and the awueter needle is defleeted. 


The lubriesting of1 supply ie from a tank located 
26 fvet above the zachine. Tha ofl, rhich is previously 
centrifuged, is reesived at the bearing through a filter 


4t @ pressure of 9.5 sountis per square ineh. Tise per 
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mitted the test to be msde with only one lubricant, the 
charatteristies of whieh ere here zivens 


TEXACO RAGAL *C* OIL 


Gravity 290k 


Flash point 365°F. 
(Clevelend 9sen Cup Hethod) 
Fire point 415°F. 
Viscosity in Saybolt Seconds 
LOO? 324 seconds 
130%. i37 seconde 
73°F. 1590 seconds 
Pour point oF. 


fee Figare 3 for the temperature-viscosity curve 
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ae gpa rotated to sive the sexisun 
i B of the lever bar. The adjusting vmnts on 
5 tho-rods were then set to give the desired deflection 
f the iood bar. When sdjustuents were sgtisfuctory the 
Eo shaft wes rotated by its moter. Speed was incressed 

— the dying out ef the teat lazy or sero deflection 
tip ' the ammeter indicated thet an -11 film had been es- 

_ tablished. The shaft was sllowed to run to insure constant 
| @ondittons im the bearing, and then graducily slowed une 
tah breekcows of the of] file occurred. This was ovie~ 
Binet we the defisetion of the ammeter or fliczertag er 
glowing of the test lamp. A steady gior, barely vieldie, 
wes arbitrertly sagumed to be the point of wrenkdown of 


_the of] file. “Test journal r.osme and teoperature of 
om bearing was obtained for this eondition. The oro 
 @edure was resvated several times until journal F.oams 
= bad been satisfactorily eheex {Ge 

After obteioing breakdown dota for steady Load 


‘Losd apelied sahil sNactie: With each revolution of the 
gam the lésd was alternately aspglied and relieved. The 
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‘journal speed was increased until « file was established, 
 emd thon gradually slowed «s before until fils breskdeen 
sceurred. : | 

Data was taken for bearing pressures between 

196 end $59 sounds ser scuare inch of projected besr- 
img ares for steady and tatereittent loading. Tast runs 
were gade to deteraine journel ssceds at fils oreak- | 
down points for various frequencies of loadias. Also sata - 
wae obtained in an effort te eorrelate bearlag tempers- 
ture eid of] viscosity with journa: speed for a ooketannt 
losding. | 
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Lo, 
O41 Viseosity vs. Journal Velocity for Steady Londs 


It is well knoen to ell whe nave observed heavy 
sachinery start from rest end rum slowly that frictional 
fesictance is greet. This 12 evident from the groans 
euaneting from the bearings, and the jerky irrezuler 
motion of the moving parts, Under these conditions there 
ie metel to setal contact end interlosking of the sinute 
irregularities of the surfaces. Boundery friction is 
ecourrincs. 48 spead ta inorensed, ths groans berone 
fever auc less latense, and finaiiy the novesent is aucoth, 
even, and noiseless. The viscous file ef of] has been 
formed, perfect lubrication is obtained, and s viscous 
friction condition is the result. Relative sovement of 
the two surfaces has bulit ap en o11 file due to viscous 
Grag, until they are entirely separated. Under such cone 
ditions friction is that due to the resistances to shear 
offered by the luvricant. The value of this resistance 
4eoends upon 

ie Viseosity of the labricent 
ee Heietive speed of the surfaces 
3e Area of the surfaces 
be Thickness of the oil film, 
Since the friction «f journals is senate 


independent of the lead when the soved fs auffictient te 
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@eintsin « pressure film betrean the twe surfsees!, 

£t rould be valusbie to know the relation of these variables 
one to another tn establishing ond malnteising the o41 

film. én attenot wee sade te correlate the first tw, 
namely, the Visooatty of the lubricent and reletive speod 
of the surfaces. Tine cid not permit an investigation of 
the effect of verying surfece sree and thickness ef o11 
fils, :‘This sieht eecily be done by using test bearings 

of various lengths, end varying radisi elearance respcetivee 
lye Tae results of the tavestigation are shorm in Fisure l. 
& logaritheie glot of these data ahows that journal speed 


‘varies inversely as (Viscosity Seybolt Universal) 2-15 


or dournal feteSe 2 Seiseteteg) 9 for « cunstant steady 
load. 


Liubriestion and Lubricants, o. 107. Arehbutt end 
beely . 
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Results 


- The results ‘abet have been divided into ‘two 
" relationshtos shown graghically by the curves of figures: 
2, and 2h. 

1. Figures 2 end 24 represent the direct results — 
Of the basie investigetion. In Figure 2A oll file break- 
dom pressures im sounds ser aquare inch of srajeeted 
il Bearing ares are clotted egsinst eorressonding journal 


Ye 


« speeds im revolutions per sinute. These points were taken 


a wate the sachine operating at « cum frevuency ef 150 ser. 

: Be ses This curve indicetes thet the load carrying pa 
of am of] file eithin a bearing of the tyoe uzed under con- 
ei ditions of steady loading is greater then thet of an ofl . 
fiizm under conditions sf intermittent loedins. It is noted 


. . 
aor that the increase in breakdewn greesures versus journal 


$e speeds is « atraicht line relationshi» in esch of the tro 
ie types of loading. The eurves being practicaily peraliel 
: Show thet the breskdown preasure under steady loading ox< 


ceeds thet of the intermittest losdines by about 45 zounds 
per square inch, In Picure z the breazdésem pressures in 
pounds per square ineh of seedoetet beering area are 
plotted agsinet the function =", the symbols of which 
have the following sisnifitesnee: 
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3. 
# - absolute vViseoaity in ewntipotecs 
8 + Journal soveed in revolutiona gar minute 
P - besring sressure in pounds per square 
ineh of srojeeted area 
(The absclute viscosity in centiscises waa obtained 
by uae of curve 3A, the teaserature of the veering being 
assumed to be the asme as the tem erature of the o11 film. 
The error ineurred by this asssamption 1s believed to have 
no effect on the comosrative vaiue of the results.) Figure 
2 shores the relationahi: of the hreaka@orn pressures for 


the two tyocs of losadins vith the temperature faeetor | 


corrected for. Thet is, it eliminates the sassibility of 
G@istertion @ue to ehences in viscosity resulting from the 
10°F, variation in bearing teapersture. This eurve elso 
shows the bresadoen sreesure to be greater for steady 
loading than for intermittent losdinzs,. 

2e In Figure 2 viseosity, Saybolt Universal, 


end bearing temperatures in dervrees Fahrenheit were plotted 


aeainst journsl velocity in feet per sinute. This curve 
shows that increases in besrin; temsceratures indicate 
lower viseosities anc recuire greater journesl velocities 


to meintein the ofl file under a constant load. (in this 


enze, the load was 285 sounda ser acuare ineh of sarojected 


area) 
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Discussion of Results 


ie The resuits in@ieated tn FPisures 2 end 24 ere 
Senteary te gebereily aseepted theories «¢ to how the 
breskdoen oressures uncer steady and interaittent losding 
Should comoare. Archbutt ond Deeley make the following 
statement, "In some cases the losda upon bearings are 
by no seune constent, for the faces often slternateiy 
epproech ené recede free seth other. hen thie is the 
geese, and the slternction is very racid, the beariag will 
carry 6 very great weicht, for at each elteruction the 
pressure is coppletely relieved, snd the ofi trapped? 
¢anneot be expelled duriuc the short tine the load rests 
on the bearing, *+ 

It is orobeble that in the case of intermittent 

saGing the lest a8 epsiied to the hearing beeawe eccentric 


Gue to & siignt saguisr sovesent of the loedinge sechaniem 
4m the wake of the lever Dar. This would cause the o11 

file to Sresk Gown more cuickliy than if it were ep slised 
through the center of the bearing, as in the case of steady 
loading which existed, nore nearly duplicated the econ- 
ditions found in meny encineerina user of this tyros of Load- 
‘ing, «3 in erank pin ana wrist sin bearings. 


levee "Lubrication and Lubricants" by Arehbutt and 
Deeley. 
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16. 
Recossendations 


It is recommended that further investigations 


_—sso@f the behavior of an o11 film in a bearing under steady 
i: i end intermittent loads be conducted. In connection there- 
es. with the followines susgestions are subaltteds 


Le The riciaity of that scart of the losdtize | 
mechanism including the load ber, the rods, end streng beck 
should be isproved to prevent anzular metion of theses 
parts as the lond is e>clied. This should eliminate ex- 
Gessive vibration and the possibility of eeeentric load- 
ing. 

fe Finer spoed adjustment of beth the journal and 
Gam cpersting motors should be secured. Also a wider range 
ef speed control for the journal onerating mater is setessary 
in order to investizsate conditions of loating «crsater than 
$00 ibs. per a%- ite : 

3. The effect of frecueney of lcsading wyon the 
breasGoun pressures is stiil undetersined and offera an 
interesting fieid for further research. 

4s The effect of tine of application of the lead, 
anc the use of vorious tyses of oilse suggest other Lines 
of investigation, 

Se It would be interesting, if sessib.e, to analyze 
the breaking Gown process within the fila fros the point 
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“has oceurred, for the tvo conditions of Loading, and to 

— at what stage of the process secring of vis 

“bearing or selsure is apt to result. 

aS. This analysis sight be made by use of « milliaaseter — 
ta the indicator cireuit, providing delicate speed and 

load control hsve been secured and there Le very little 

a  yibretion in the apgarstus, The bearing should be resoved 

p } i and inspeeted for scoring after each desired soint of bresk- 

fom has been reached, 
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